Abstract -Three photochemical methods aiming primarily at syntheses of cyclopentanoid natural products are described: (A) The development and synthetic applications of four generations of tricyclooctanone-type key intermediates -all products of oxadi-ir-methane rearrangements -are reviewed. Most recent achievements are the total syntheses of (-)-5-oxosilphiperfol-6-ene and of (-)-coriolin. (B) The [2+2] photocycloaddition of 2-trimethylsiloxybutadiene to a number of standard enones proved to be quite a general reaction with appreciable yields. This finding is surprising since dienes in general are known to quench enone triplets efficiently and hence suppress chemical reactions. Both the high substrate concentrations, which can be employed in the present procedure, and the remarkable regio-and stereocontrol of the addition processes qualify this annulation as a valuable synthetic method. One photoproduct is the point of departure for an expedient assembly of the basic pentalenolactone skeleton. (C) Spirocyclic chiral 1,3-dioxenones, prepared in a one-step procedure, served for highly selective asymmetric [2+2] d.
INTRODUCTION
The search for efficient methods to construct five-membered rings (ref s. [1] [2] [3] with the ultimate aim of assembling polycondensed cyclopentanoids (ref. 2) was a major concern in synthesis during the past decade. Among the methods developed, photochemical transformations play an important role. They have proved successful in providing ways to economically build up arrays of asymmetric centres. The following three parts, each based on a distinct type of photochemical transformation, illustrate our approaches in this field.
Whereas the methods in sections A and B are -at least in the actual presentation -designed specially for the synthesis of cyclopentanoids, the method in section C has the potential of intriguing applications beyond this purpose.
A. REARRANGEMENTS: FOUR GENERATIONS OF OXADI-IT-METHANE(ODPM)-DERIVED KEY INTERMEDIATES
A preparatively attractive avenue to a remarkable number of structural variants of cyclopentanoid natural products is offered by the concept which uses tricyclooctanone (TCO) derivatives, products of ODPM rearrangements, as the key intermediates (building blocks) (ref s. [4] [5] [6] [7] . Several advantages are connected with this principle: (a) Full optical activity -an important objective of natural products synthesis -can, in most cases, be readily Only a few structural restrictions need be considered in designing the photochemical substrates. (e) The photochemical steps meet the conditions for large scale preparations.
Four basic types (generations) of building blocks (see Fig. 1 ) have been developed, a parent type (I) with a minimal set of functionalities and three more target-oriented generations (II -IV). Since most of this work has been published, a brief resumé of the synthetic accomplishments should suffice to stimulate further use of the TCO principle. In an extension of the parent concept [generation (I) in Fig. 1 The two-step sequence consists of consecutively adding a diene component to 2-cycloalkenones in a (2+2) photoprocess and subjecting the adducts to a one-carbon ring expansion. The most dominant question concerned the choice of an adequate diene which would efficaciously serve our need. With respect to the common use of 1,3-dienes for triplet quenching, Cantrell cautioned against the use of 1,3-butadiene as a quencher of enone triplets, since it competitively reacts with the enones to form cyclobutanes (Fig. 3, ref. 22 ; for further photochemical reactions of dienes, see ref. 23 ). Nearly random regioand stereolsomeric product distributions result from these additions which occasionally proceed in high chemical yields.
If a handle for the selectivity control of such processes could be found, they would constitute a powerful synthetic method since the photoproducts could serve as substrates for various ring transformations, e.g., the enlargement of the cyclobutane. Tsuda found that 2-trimethylsiloxybutadiene adds readily and selectively to a particular heterocyclic class of enone-reminescent substrates possessing extended chromophores (ref. 24) . Our investigations revealed a more general utility of this siloxy-substituted diene. It reacts smoothly with a high level of regio-and stereocontrol, with various five-and six-membered 2-cycloalkenones (ref s. 21,25,26), some selected examples of which are listed in Table 1 .
The enhanced selectivity observed for 2-trimethylsiloxybutadiene as compared to 1,3-butadiene parallels somewhat the well-established olefin ÷ enone photochemistry where alkoxy substitution of the olef in components is important for the selective steering of the additions (ref. 27 ). Both the substituents at the enone f3-carbon and the ring size of the enone influence markedly the stereocontrol of the addition processes. Furthermore, it should be noted that the conversion rates are higher upon irradiation at 350 nm than at 300 nm. The greater efficiency of these [2+2) additions at longer wavelength is possibly a consequence of initial ground state complexation of the reactants, which is manifested by a charge transfer absorption at ca.
nm.
A first synthetic application in this series was accomplished with the stereoisomeric mixture of photoproducts of run (2) in Table 1 . Via a Pd-mediated vinyl cyclobutanol-type rearrangement, for which a known procedure (ref. 28 ) was adopted, 26 could be synthesized in three high-yield steps. Evidently, the structural features of 26 are more closely fitting the target, pentalenolactone G (25) , than do the features of the previously prepared 24 (see section A) where, e.g., the characteristic geminal dimethyl of ring C is lacking.
Synthesis based on photochemical key transformations 1237 (1), (2), (4) This concept was fully satisfied by the 1,3-dioxenones (-)-27/28 (Fig. 4) which can be obtained in controllable ratios by acid-catalyzed condensation of t-butyl acetylacetonate with (-)-menthone. Spontaneous crystallization of (-)-28 allows a facile preparation of both enones in pure form.
The de Mayo-type photoadditions of (-)-27 were probed with a number of olef ins, listed in Table 2 , using a medium pressure Hg-lamp (quartz vessel). Related earlier work, which was based on the use of an achiral monocyclic 4 ) of the olef ins to (-)-27. Conformational effects seem to be more important for the faceselective steering of the addition processes than, e.g., shielding of the enone a-site by the isopropyl group. The yields reported were obtained under preliminary experimental conditions which are not yet fully optimized and they refer in each case to the major isomer after purification. The cycloaddition of methyl cyclobutene to (-)-28 (run (4)] proceeded with a face-and regioselectivity which was practically identical to that of run (1) . This finding is particularly attractive in that the preferential site a addition of olefins to both dioxenones, (-)-27 and (-)-28, can serve to select complementary enantioineric channels.
